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TECHNICA L MEMORANDUM X-72724

WATER HYACINTHS AND ALLIGATOR WEEDS
FOR FINAL FILTRATION OF SEWAGE

INTRODUCTION

A perlous problem presently facing the United States and other industrial ooun-
trias i8 the development of practical and economical means of removing nutrients and
trace toxic chamicals from industrial and domeatlc waste prior to thelr discharge into
rivers and streams. In some areas, sewapge and toxic chemical pollution has increased
to guch an extent that the waters have become unsuitable for recreation, flehing, do-
mesatic consumption, and other related uses. This problem ia further complicated by
population growth and an ever-inereasing demand for clean water for domeatic and
Industirinl uboes,

The possible use of vascular aguatic plants to remove nutrients and toxic cheml=
cals from domestic and industrial waste effluents has been investigated (1, 2, 3, 4, 5§,
Gy Th

Water hyacintha and alligator weeds have received recent attention because of
thoir pollution removal potentinl when utilized as a biological filtration system under
controlled conditions in sewage treatment lagoons, These spacies of vascular aquatic
plants are some of the most attractive condidates for lagoon use beoause of the ense of
harvesting the free-floating plants; the high bio=mass productivity; and the potential
economle benefits achievable through the sale of desirable producta to offset lagoon
operating costs. Potential products are food, methane gan, and fertilizera (8, 10,

11, 12, 1d).

MATERIALS AND METHODS

Water hyacinths (Elchhornia crasalpes) (Mart. ) Solms, and alligator weeds
(Alternanthara philoxerides) (Mart.) Grieab, were collectod from nearby bayous and
lagoons in Honcock and Pearl River Counties, Mississippl. Mature plants were

selected for nll experiments.




Fresh samples of Influent and effluent sowage water from the wastewator lagoon
at Bay 5. Louls, Mississippl, were uged In these experiments., Mature plants were
placed in 4=1/2 liters of sewage water contalned In five-litar glase cylinders and maln -
tained in a well-lighted bullding at 25°C + 6°C, Each experimental arrangement in-
¢luded one control free of plants. Volume losses due to evapotransportation were
controlled by the addition of nitrogen/phosphato-frae delonizod, distilled water, as
noaded .

Before addition of plants to the fresh Influent ond effluent samples, analyses wero
parlormed Including pH, total suspended aollds (14), total phosphoruy 14y, totnl Kjel-
dahl nitrogen (16}, BOD.'s (17), and total organle earbon (TOC). Thase nnalyses were
repeated on samples exposed to plants and on the controls free of plants ot T-day and
l4=day intervals.

Initial effluent samples were analyzed for trace heavy metals by atomie absorp-
ton. The analysis {or mercury contamination was accomplished using a flameless
atomic absorpton technigue (18). ]

One gram samples of plant roots from both water hyacinths and alligator weeds
grown in the effluent for fourteen days were digested in 20 percent aqueous nitrie acid,
The digestion was followed by the addition of two milliliters of 30 percent hydrogen
poraxide and dilution to one liter. These digested plant roots were analyzed for trace
heavy metala by the same methods outlined for the effluent sewage water,

RESULTS AND DISCUSSION

Water hyacinths demonatrated the ability to rapidly remove nutrients and pollu-
tants from domentic sewage waters as shown in Table 1. In both tnfluent and effluant
sewage samples, water hyacinths maintained the pH between 7,20 and 7,40 during
fourteen-day exposure times; whereas, the pH of the influent sewage water control free
of plants increased from 7.05 to 7.90, and the effluant control decreased alightly from
8,80 to 8,20 in the snme fourteen-day oxposure intervala. Analyais of the influent test
containers after fourteen days exposure to water hyacinths demonstrated the following
average reductions as compared to the control containers free of plants: total Kjeldahl
nitrogen, 92 percent (control, 18); total phosphorus, 60 percent (control, 12); BODg,
97 percent {control, 61). The results of the analysis of the effluent test containers
aftar fourteen days exposure to water hyacinths demonstrated the following average
reductions in comparison to the reductions in the control containers free of plants:
total suspended solida, T6 percent (contrel, 15); total Kjeldahl nitrogen, 76 percent
(control, 15); total phosphorus, 87 percent (control, 11); BODg, 77 percent (control,
6); total organie carbon (TOC), 82 percent (control, increased 28 percent). The
increase in total organic carbon in the control free of plants was due to heavy algae



growth, In all oifluent wsle waters axposoed to water hyacinthe, there remained no
visible evidence of algae growth after two weeks of plant exposure.

Alligator weeds also proved to be good filtering agents for nutrients and pollu-
tants as demonstrated in Table 2. In influent waste water containing alligator weeds,
the pH increased only slightly from 7.10 to 7.40 over a two-waoek interval, although
the control free of plants increased from 7,10 to 8, 25, The effluent waste watar pH
decreased from 8,9 to 7, 2 when exposed to alligator weads, while the ¢ ontrol pH de-
creased from 8.9 to 8,35, Analysis of the influent test containers after fourteen days
exposure to alllgator weeds demonstrated the following average reductions as compared
ta the control containers free of plants: total Kjeldahl nitrogen, 98 percent (control,
d1); total phosphorus, 71 percent {control, 30). The resulta of the analyaia of the
effluent test containers after fourteon days exposure to alllgator weeds demonstratod
the following average reductons in comparison to the reductions in the contral con-
talners frea of plants: total suspended solids, 87 poreent (contral, 33); toted Kjeldahl
nitrogen, B3 percent (contrel, 12); total phosphorus, 59 percent (control, 21); Eﬂnﬁ.
90 percent (control, 15), After fourteon days, the effluent woste water contalning
alligator weeds had no visible evidence of algae, although the control free of plants
still supported heavy algae growth,

Analysis of the Inltdal effluent waste water used In these studies for toxic trace
metals showed the following concentrations: ¢€0.008 ppm Pb, 0,001 ppm Cd, <0,01
ppm Cu,  {0.02 ppm Ag, 0,05 ppm MNi, €0,08 ppm Zn, ¢ 0.001 ppm Hg, <0.01
ppm Sr, (0,007 ppm Co. The results of the analysls of the digested roots of waler
hyacinths grown for a perlod of two weeks In effluent sewage water wera: 0,063 ppm
Pb, {0,001 ppm Cd, (0,01 ppm Cu, <0.02 ppm Ag, <0,05 ppm N1, 0,58 ppm Zn,
< 0,001 ppm Hg, €0,01 ppm Sr, <0.007 ppm Co, Analysis of acld-digested alligator
weed roots grown in effluent sewage water for two weeks contained the following trace
heavy metal concentrations: 0.035 ppm Pb, <0.001 ppm Cd, 0. 16 ppm Cu, ¢0,02
ppm Ag, <0.05 ppm Ni, 0,84 ppm Zn, ¢0,001 ppm Hg, <0,01 ppm 8r, ¢0.007 ppm
Co.

Both water hyacinthe and alligator weeds domonstrated thelr abilities to rapidly
remove nutrients and pollutants from domestic sewage waste, Within a period of two
waaka under static laboratory conditions, these vaseular aguatic plants demonstrated
their potential aa secondary and tertlary filtration syatems capable of producing clean
water from sewage lagoon effluent, Tha plants grown in sewage from the Bay St. Louls
lagoon were also free of toxic levels of trace heavy metals altor a two-week growth
period, Therefore, this harvested plant material, relativaly high in protein and
mineral content, is an excellent candidate for feed and/or food products {14},



Table 1,

Exporimental Annlysis of Influent and Effluent Sewage Waste Walor
Contaoining Water Hyaelnths and Corresponding Controls Free of Mlants

I|

: IMFLUENT EI"I"LUI_ENT
Contalner |Container | Contadner | Contalner | Container | Contalnor
ANALYSIS Mo. 1 Mo, 2 No. 3 Ko, 1 Mo, 2 No. 3
{Control) {Contral)
pH Inltial T. 086 T.006 7.05 H, 80 &, 80 8. 850
'F-mf ?1-““ I?.. 1“ 1| 75‘ 11 Hﬂ Ti"ﬂ H.ﬂﬂ
14= Day T a0 Tl T 00 . 20 T.20 &, 20
Tatal Initial - - - 100, 0 108, 0 104, 0
Suspendead :
Solids 7=Day - - 17. 0 33,0 96, 0
{(ppm) 14=Day - - - 46, 0 8.0 01, 0
Totnl Initial 16. 1 16.1 16, 1 1. 76 1.78 1. 74
Kjeldahl : £
S 7-Day - 1,36 13,2 0, 55 0,32 1, 53
(ppm) 14=Day <0, 20 <0, 20 8. 36 £0.20 |<¢o0,20 1,50
Total Indtiml 5, 60 D G G, 60 4. 00 4, 50 i, Gl
Phosphorus
- - 3' 5 [ ] L] [ H 1 ]
e 7- Day 1. 25 2 4,90 0,67 0.57 4,01
14-Day 0. 75 3.00 4,25 0,06 | 0,06 3. 38
BUDE Inftial T2,0 T2.0 72,0 21.6G 21.6G 21,6
{(ppm) 7-Day || 2.60 1,90 28, 0 5, 16 4.9 20, 3
1= Thay = - - 3. i d,10 12.5
Total Initdal - - - a4 94 04
Organic
C“h":"r:‘ T=Day - - - b Ga 98
{ppm) 14=Day - - - <6 <7 120
Dry Flant Welght 14, 6 6,1 | Control 9,0 7.2 Contraol
(Gramas)
Free of Free of
Plant Plant




Table 2. Experimental Analvsis of Influent and Fifluent Sewape Waste Watery
Containing Alligator Weeds and Corresponding Controls Free of Planis

INFIUENRT EFFIVEKT
SAMIPLE “A™ SAMPLE g SAMPIE "A*™ SAMPLE “B™
AKALYSIS Container | Container | Container | Container | Container [Container | Container |Container | Container
Ko, 1 Mo. 2 Ko. 1 No. 2 Mo. 1 Mo. 2 No. 1 MNo. 2 Fo. 3
(Control) (Controal) (Contral) (Control)
pH Initial T.20 T.20 7.05 T.05 B. 30 B.30 2. 10 8. 10 5. 10
T-Day 7.30 8.05 7.10 - T.75 7.40 §.40 7.00 7.10 B.05
14-Day 7.40 8.25 7-15 7.90 7. 20 B.35 6. 90 7.05 7.9%
Total Initiz] - - - - 104 104 105 109 109
m‘;ﬂ;ﬂ'ﬂ 7-Day - - - - 6.6 &5 2.0 10 46
(PP ) 14-Day = - - - LE 42 46 10 73
Total =Initial 12.5 12,9 16.1 16. 1 1.45 1.45 1.4% 1.49 1. 45
II":E}IE]'DEL‘H T=Day = = 0. 32 13.2 0. 59 1.37 0.E2 0.30 1.27
(ppm) 14=-Day 0.32 10.7 0. 23 g.36 0. 35 1.25 <0. 20 0. 20 1.36
Total knitial 4.90 4.50 5.60 5.60 5. 50 5.50 4.20 4.20 4.20
E‘;f’““‘“ 7-Day 2.50 4.25 2.75 .90 3. 00 4.50 2.20 2,60 3.75
14-Day 1.10 3.20 2.00 4.25 2. 10 3.25 2.10 1.50 4.50
BEIDS nitial 48.0 J8.0 T2.0 T2.0 19. 8 19.8 21. 6 21.6 21. 6
(ppm) 7-Day 3.25 9. 50 5.30 | 28.0 2,00 | 20.7 3.50 9.80 15.0
14-Day - - - - 1.00 17.3 2.40 3.10 18.0
—
Dry Plant Weight 25.8 Control 38.2 Control 24.1 |[Control 368.5 28.2 Control
(Grams) Free of Free of Free of Free of
Plant Plant Plant Plant
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